Dysregulation of the Wnt pathway has been extensively studied in multiple diseases, including some angiogenic disorders. Wnt signaling activation is a major stimulator in pathological angiogenesis and thus, Wnt antagonists are believed to have therapeutic potential for neovascular disorders. Actually, some Wnt antagonists have been identified directly from the anti-angiogenic factor family. This review summarizes the recent progress toward understanding of the roles of Wnt pathway antagonists in angiogenic regulation and their mechanism of action, and exploring their therapeutic potential.
INTRODUCTION
The Wnt signaling pathway 'WNT' is originated from the Wg (wingless) and Int genes (Rijsewijk et al., 1987) . Recessive mutations in the Wg genes affect wing development in Drosophila (Sharma and Chopra, 1976) . In the tumor induced by mouse mammary tumor virus, the overexpressed INT genes were identified near virus integration sites (Nusse et al., 1984) . Subsequent work revealed that the Int-1 gene and the Wg gene were homologous and thus, named 'Wnt'.
Wnts are a family of 19 secreted, cysteine-rich glycoproteins (He et al., 2004; van Amerongen et al., 2008) . Wnt ligands activate several signaling pathways involved in the regulation of development at different stages (Nusse, 2005; van Amerongen et al., 2008) . The Wnt signaling cascade has two distinct branches: the canonical Wnt pathway and the non-canonical pathway (Zerlin et al., 2008) . The Wnt signaling pathway is involved in multiple physiologic and pathological processes and is well studied in embryogenesis and carcinogenesis (Clevers, 2006) . Recent evidence suggests that the Wnt pathway also plays an important role in angiogenesis .
Canonical Wnt signaling is initiated by Wnt ligands. In the absence of Wnt ligands, the transcription factor β-catenin, a down-stream effector of the canonical Wnt pathway, is phosphorylated by a protein complex containing GSK-3 in the cytosol and constantly degraded to prevent its accumulation Polakis, 2002) . Upon binding of certain Wnt ligands to the Frizzled (Fz) receptor and the co-receptor, low-density lipoprotein receptor-related protein 5 or 6 (LRP5/6), the Fz receptor and LRP5/6 dimerize, forming a receptor/co-receptor complex (He et al., 2004) . As a result, downstream signaling, including phosphorylation of LRP5/6 and stabilization of β-catenin, is initiated (Orsulic and Peifer, 1996; Dale, 1998) . β-catenin is subsequently translocated into the nucleus, associates with T cell factor (TCF) for DNA binding and regulates expression of target genes (Behrens et al., 1996; He et al., 2004) . Some target genes of the canonical Wnt pathway such as cyclinD1 and c-myc are implicated in cellular proliferation (He et al., 1998; Tetsu and McCormick, 1999) . Recent evidence indicates that the Wnt/β-catenin pathway also plays important roles in pathological processes, such as inflammation and angiogenesis, and also regulates inflammatory and angiogenic factors such as Cox-2 and VEGF (Howe et al., 1999; Easwaran et al., 2003; Ojesina, 2004; Tachikawa et al., 2004) .
The non-canonical Wnt pathway comprises several distinct branches and is associated with some activities independent of Wnt/β-catenin signaling. The Wnt/PCP pathway is known to regulate orientation of cellular structure in both vertebrates (Guo et al., 2004) and invertebrates (Mlodzik, 2002) . The PCP pathway is regulated by the Fz receptor, Dishevelled (Dvl), the small GTPases RhoA and Rac1, and c-jun N-terminal kinase (JNK) (Fanto and McNeill, 2004; Povelones et al., 2005) . The relevance of PCP to vascularization is obscure. The Wnt/calcium pathway is another distinct branch of the non-canonical Wnt pathway . Upon binding of certain Wnt ligands (e.g., Wnt5a and Fz2) with the Fz receptors, G proteins are activated, leading to the release of intracellular calcium (Slusarski et al., 1997; . Furthermore, some Ca
2+
-sensitive enzymes such as PKC (Sheldahl et al., 1999) and Ca 2+ -calmodulin kinase II are activated to regulate the downstream Wnt/ calcium signaling. Although calcium signaling is known to mediate angiogenesis, the role of the Wnt/calcium pathway in neovascularization has not been established (Kohn et al., 1995) . There is complex crosstalk between the canonical Wnt pathway and the non-canonical pathway. Evidence suggests that non-canonical Wnt signaling antagonizes Wnt/β-catenin signaling (Ishitani et al., 2003; Topol et al., 2003) . On the other hand, Rac1 and JNK activation in the PCP pathway controls nuclear translocation of β-catenin during canonical Wnt signaling (Wu et al., 2008) . The crosstalk between the Wnt signaling components and other pathways, such as the Notch pathway, the MAP kinase pathway and the NF-κB pathway, have been identified (Behrens, 2000; Nakamura et al., 2007; Umar et al., 2009 ). All of these angiogenesis-related pathways form a complicated net interacting with the Wnt signaling pathway.
Wnt signaling pathway and angiogenesis
Wnt signaling is essential for endothelial cell proliferation and angiogenesis. The roles of Wnt signaling in some pathological conditions with abnormal neovascularization have been revealed recently (Logan and Nusse, 2004; . The role of Wnt signaling in vessel formation has been established based on phenotypes from disruptions and mutations in the Wnt/Fz genes in animal models or humans. Disruption of the Wnt-2 and Wnt-7b genes results in defects in the placental and pulmonary vasculatures in mice (Monkley et al., 1996; Shu et al., 2002) . The phenotype of Fz-5 knockout mice is embryonic lethal due to the disorganization of the capillary plexus in the placenta . Mutations in the Fz-4 gene have been linked to FEVR, which is associated with defective retinal angiogenesis (Robitaille et al., 2002; Xu et al., 2004) . Fz-4 knockout mice also show a retinal vascular defect (Robitaille et al., 2002) . Taken together, these studies have established crucial roles of Wnt ligands and their receptors in angiogenesis.
The Wnt signaling pathway is also a direct mediator of endothelial cell growth and survival (Wright et al., 1999) . Several Fz receptors are found on the surface of primary ECs, and these cells respond to Wnt ligands stimulation (Cheng et al., 2003; Masckauchán et al., 2005; Zerlin et al., 2008) . Both of Wnt1 and Wnt5a which target the canonical and noncanonical Wnt pathways can induce EC proliferation (Masckauchán et al., 2005 .
Further, Wnt signaling upregulates several pro-angiogenic factors. For example, vascular endothelial growth factor (VEGF) gene promoter region contains seven TCF/LEF binding sites (Easwaran et al., 2003) . In colon cancer cells, VEGF is upregulated as a result of the ectopic activation of Wnt/β-catenin signaling (Zhang et al., 2001; Easwaran et al., 2003) . The Wnt pathway is considered a potential therapeutic target to attenuate VEGF overexpression in tumor angiogenesis . Interleukin-8 is another target of Wnt/β-catenin signaling (Masckauchán et al., 2005) . IL-8 induces endothelial cell proliferation and survival. IL-8 also induces overexpression of MMP-2 and MMP-9, which both participate in the angiogenesis process . In addition, other angiogenic factors have been reported as Wnt target genes, such as uPAR, FGF18 and 20, and MMP3 and 7 (Brabletz et al., 1999; Mann et al., 1999; Prieve and Moon, 2003; Shimokawa et al., 2003 Shimokawa et al., , 2005 . Therefore, the angiogenic effect of Wnt/β-catenin may also be through inducing proangiogenic factors.
CLASSICAL, ENDOGENOUS WNT ANTAGONISTS Secreted frizzled related proteins (sFRPs) family
The sFRPs family consists of a group of Wnt binding proteins containing a frizzled-type cysteine-rich domain (CRD) (Rattner et al., 1997; Jones and Jomary, 2002; Kawano and Kypta, 2003) . The CRD domain which contains ten cysteine residues and other conserved residues is located in the N terminus of the protein (Rattner et al., 1997) . The C terminus of sFRPs also contains a netrin (NTR) domain, containing six cysteine residues and conserved segments of hydrophobic residues (Bányai and Patthy, 1999) . In mammals, there are five sFRPs, designated as sFRP1-5, with the predicted molecular weight of 33-40 kDa (around 300 amino acids) (Jones and Jomary, 2002) . Since their CRD domains share sequence homology (30%-50%) with CRD in the Wnt receptors (Fz), it is predicted that sFRPs can regulate the Wnt pathway, and the function of NTR domain remains unclear (Melkonyan et al., 1997; Rattner et al., 1997; Bányai and Patthy, 1999; Jones and Jomary, 2002; Kawano and Kypta, 2003) .
Based on the sequence homology, sFRPs are divided into two subgroups. One subgroup comprises sFRP1, sFRP2 and sFRP5. Another subgroup contains sFRP3 and sFRP4 (Jones and Jomary, 2002) . In the sFRP family, the first identified member is sFRP3, which was originally named Frzb (Hoang et al., 1996) . In the study of Xenopus embryos development, sFRP3/Frzb was reported to interact with Xwnt-8 and block the Xwnt-8 signaling (Leyns et al., 1997; Wang et al., 1997a) . Furthermore, in mammalian cell cultures, sFRP3/ Frzb was found to bind to Wnt-1 and inhibit the β-catenin accumulation induced by Wnt-1 (Lin et al., 1997; Wang et al., 1997b) . Since the discovery of sFRP3, other members have been identified, and some of them are identical to other existing genes. Therefore, each sFRP has several alternative names. For example, sFRP1 is also named Frp-1, SARP2 and FrzA; sFRP2 has the alternative names as SDF-5 and SARP1; sFRP3 was originally identified as Frzb, Frzb-1, Fritz and Frezzled; sFRP4 has been known as DDC-4, frpAP, frpHE and Frzb-2; sFRP5 has other names like SARP3, hFRP-1b and Frzb-1b (Jones and Jomary, 2002; Kawano and Kypta, 2003) . In addition to sFRP3, sFRP1 and sFRP2 were also reported to antagonize Wnt activity (Finch et al., 1997; Xu et al., 1998; Ladher et al., 2000; Uren et al., 2000) . An interesting finding from sFRP1 is that it is not always an antagonist of Wnt signaling. At low concentrations, sFRP1 act as an agonist in the tissue culture experiments, suggesting that there may be different binding sites for it (Uren et al., 2000) .
The roles of sFRPs in tumor growth have been well studied (Shi et al., 2007) , relating to their Wnt modulating activities. Since angiogenesis is also known to be regulated by Wnt signaling, the function of sFRPs in angiogenesis is predictable. A few studies have reported the anti-angiogenic activities of sFRPs. sFRP4 downregulates endothelial cell migration and proliferation, disrupts the stability of endothelial rings and inhibits the development of sprouts and pseudopodia. The inhibitory effects on endothelial cells are from the antagonizing effects on both the canonical Wnt pathway and the non-canonical Wnt/planar cell polarity pathway (Muley et al., 2010) . In in vitro experiments, the sFRP1/FrzA mRNA level was high in the growing endothelial cells and was decreased in the confluent cells (Duplàa et al., 1999) . The rate of endothelial cell proliferation was also inhibited by FrzA (Duplàa et al., 1999) . However, in vivo studies of sFRP1/FrzA in angiogenesis showed conflict results. sFRP1/FrzA was found to inhibit angiogenesis in a hepatocellular carcinoma model, while inducing angiogenesis in a chick chorioallantoic membrane model (Dufourcq et al., 2002; Hu et al., 2009 ). The disparity may be ascribed to its concentration-dependent Wnt-regulation activities.
Wnt inhibitory factor 1 (WIF-1)
WIF-1 is another Wnt inhibitor which binds to Wnt ligands, similar to sFRPs. In 1999, it was first identified to inhibit the somitogenesis in Xenopus embryo development, and it was found to interact with Drosophila Wingless and Xenopus Wnt8 (Hsieh et al., 1999) . WIF-1 does not share the CRD sequence with Fz or sFRPs, however, it has a highly conserved N-terminal domain named WIF domain (WD), containing 150 amino acids. WIF-1 also contains a hydrophilic domain at C terminus with 45 amino acids, and five epidermal growth factor (EGF)-like repeats. The downregulated expression levels of WIF-1 were correlated with prostate, breast, lung and bladder cancers, suggesting an important role of WIF-1 in tumorigenesis (Wissmann et al., 2003) .
Treatment in hepatocellular carcinoma with WIF-1 resulted in reduced microvessel density as well as the inhibition of tumor growth ). The Wnt-regulated proangiogenic factors, such as stromal cell-derived factor-1 (SDF-1) and VEGF, were also downregulated at the same time. Further experiments demonstrated that WIF-1 significantly inhibited migration and tube formation in cultured human microvascular endothelial cells. In mouse endothelial progenitor cells (EPC), WIF-1 not only inhibited cell migration and tube formation, but also obstructed EPC differentiation and even induced EPC apoptosis . Therefore, the anti-angiogenic effect of WIF-1 is derived from its Wntantagonizing function and may play roles in the anti-tumor activity.
Dickkopf (Dkk) family
The human Dkk family is composed of four members, Dkk-1, 2, 3 and 4, and a unique Dkk-3-related protein which is named Soggy (Sgy). They are secreted proteins containing~250 amino acids, except for Dkk-3 which has 350 amino acids. There are two conserved cysteine-rich domains (Cys-1 and Cys-2) in Dkks, containing 10 cysteine residues in each position (Krupnik et al., 1999) . However, Dkk-3 related Sgy lacks cysteine-rich domains (Krupnik et al., 1999) . In the Xenopus embryo development assay, Dkk-1 and Dkk-4 inhibit the Wnt-induced secondary axis formation, while Dkk-2, Dkk-3 and Sgy lack this activity (Krupnik et al., 1999; Mao and Niehrs, 2003) .
In the Dkk family, Dkk-1 is the most studied member. It was first identified to be a secreted inducer of Spemann's organizer in Xenopus embryo in 1998 (Glinka et al., 1998) . Dkk-1 is essential for head formation and also a potent Wnt signaling antagonist. Dkk-1 inhibited the effect of Xwnt-8 in Xenopus embryo, but did not block Dishevelled (Dvl/Ssh)-induced secondary axis formation, suggesting a potential upstream target in the Wnt signaling pathway (Glinka et al., 1998) . The binding partner of Dkk-1 was not identified until 2001. Two groups established the receptor for Dkk-1 almost at the same time, which are LRP5/6, the co-receptors of Wnt proteins (Mao et al., 2001; Semënov et al., 2001) . The binding of Dkk-1 to LRP5/6 results in the blockage of Fz-LRP association and subsequently, specific inhibition of the Wnt/ β-catenin pathway (Semënov et al., 2001 ). In addition to LRP5/6, Kremen1 (Krm1) and Kremen2 (Krm2) are also the high-affinity receptors for Dkk-1 and can cooperate with Dkk-1 to inhibit Wnt signaling . Krm2, Dkk-1 and LRP6 have been reported to form a ternary complex and induce rapid endocytosis and removal of the Wnt receptor LRP6 from the plasma membrane . In Dkk-1, the C-terminal fragment containing the Cys-2 domain binds to LRP6 and Krm and further inhibits the Wnt signaling activation as shown by the Xenopus embryo secondary axis induction and the LEF-1 luciferase reporter assays (Brott and Sokol, 2002; Li et al., 2002; Mao and Niehrs, 2003) . It suggests that the C-terminal domain of Dkks is more important for Wnt/LRP6 regulation. However, whether Dkk-1 can induce LRP6 internalization is still controversial. In 2008, a group reported that Dkk-1 and Wnt-3a induced internalization of LRP6 through distinct pathways (Yamamoto et al., 2008) . At the same time, another group reported that Dkk-1 blocked Wnt signaling but did not promote LRP6 internalization and degradation (Semënov et al., 2008) . Therefore, the mechanism for the antagonizing effect of Dkk-1 on LRP6 and Wnt/β-Catenin pathway remains unclear.
Dkk-4 has displayed the Wnt antagonist activity similar to Dkk-1 (Krupnik et al., 1999) . However, the binding between Dkk-4 and LRP6 has not been demonstrated. Dkk-3 has no inhibitory effect on Wnt signaling and does not bind to LRPs or Krm1/2 (Krupnik et al., 1999; Mao et al., 2001 Mao et al., , 2002 Mao and Niehrs, 2003) . Dkk-2 binds to LRP6 with a lower affinity and the binding Kd value is approximately 2 folds of that for Dkk-1 (0.73 nM vs 0.34 nM) (Mao et al., 2001 ). This may be one of the reasons explaining why Dkk-2 shows conflicting functions in the Xwnt8-induced axis duplication by different groups. Two groups reported that Dkk-2 is a poor inhibitor of Wnt signaling (Krupnik et al., 1999; Wu et al., 2000) , while another group reported the Wnt antagonizing activity of Dkk-2 (Brott and Sokol, 2002) . This disparity may be ascribed to different expression levels of Dkk-2 in their experiments. The Wnt antagonist activity of Dkk-2 is from C-terminal domain involving Cys-2, same as Dkk-1 (Brott and Sokol, 2002; Li et al., 2002; Mao and Niehrs, 2003) . However, the N-terminal domains in Dkk-1 and Dkk-2 have different functions. The Nterminal fragment of Dkk-2 synergies with LRP6 to induce Wnt signaling activation (Brott and Sokol, 2002) , but the Nterminal domain of Dkk-1 has no such function. Together with other evidence, Dkk-2 is suggested to play the role as an agonist in low-Wnt/high-LRP6 condition, and acts as an antagonist in environment with high-Wnt levels (Wu et al., 2000; Mao et al., 2001; Brott and Sokol, 2002; Li et al., 2002; Mao et al., 2002; Mao and Niehrs, 2003) .
As a Wnt-mediated event, angiogenesis is predicted to be regulated by Wnt-antagonizing Dkks, especially Dkk-1, which is the most studied and potent family member. The ameliorative effect of Dkk-1 has been found in the ocular pathological neovascularization with ectopically higher activation level of Wnt signaling in the eye (Chen et al., 2007) . In the eyecups of the very low-density lipoprotein receptor (VLDLR) gene knockout (Vldlr -/-) mice, expression levels of Wnt co-receptor LRP5/6 were significantly upregulated, concomitant with accumulation of β-catenin, suggesting an over activation of the Wnt pathway. Knockdown of VLDLR in cultured endothelial cells by siRNA also upregulated LRP5/6 expression and stabilized β-catenin. Consistent with the role of Wnt signaling in angiogenesis, subretinal neovascularization develops in Vldlr -/-mice. This phenotype presents similarly to the neovasculazation in patients with wet AMD. This subretinal neovascularization correlates with overexpression of VEGF in Vldlr -/-mice. In this abnormal
Wnt-induced angiogenic model, Dkk-1 effectively decreased VEGF and β-catenin levels in the RPE of Vldlr -/-mice and in cultured cells with VLDLR knockdown (Chen et al., 2007) . Recently, another study found that the Wnt pathway is over activated in the retinas of the OIR mouse model, correlating with retinal neovascularization. Further, Dkk-1 also effectively attenuated retinal neovascularization as well as Wnt signaling (Chen et al., 2009) . These mouse studies provide new evidence to support the anti-angiogenic role of Dkk-1 in ocular angiogenesis.
ANTI-ANGIOGENIC FACTORS AS WNT ANTAGONISTS
Some Wnts act as pro-angiogenic factors and some Wnt antagonists play anti-angiogenic roles. Furthermore, several endogenous anti-angiogenic factors have also been reported to inhibit Wnt signaling activity, such as endostatin and SERPINA3K, possible new mechanisms for anti-angiogenic functions of these factors.
Endostatin
Endostatin is a C-terminal fragment of collagen XVIII and has been identified to be an anti-angiogenic factor (O'Reilly et al., 1997; Hanai et al., 2002) . It is a 20 kDa peptide which can inhibit endothelial cell proliferation and tumor growth (O'Reilly et al., 1997) . Endostatin is involved in many aspects of embryo development. In a Xenopus embryo developmental study, endostatin overexpression blocked the Xenopus axis duplication induced by β-catenin, indicating an inhibitory effect of endostatin on the Wnt signaling pathway (Hanai et al., 2002) . Endostatin inhibited β-catenin-induced TCF/LEF transcription activity, but failed to inhibit the effect of TCF-VP16 (a constitutive downstream activator, independent of β-catenin) (Hanai et al., 2002) . At the same time, suppression of endothelial cell migration and inhibition of the cell cycle by endostatin were reversed by TCF-VP16 (Hanai et al., 2002) . It suggested that the potential target for endostatin was at the upstream of TCF, but not earlier than β-catenin. Actually, endostatin can degrade both normal and "stabilized" (no N-terminal phosphorylation sites) forms of β-catenin, revealing a GSK3-independent β-catenin-degradation signaling pathway (Hanai et al., 2002) . This mechanism of endostatin is distinct from other secreted Wnt-antagonists that act at the Wnt ligand/receptor level. This novel finding also suggests that the anti-angiogenic activity of endostatin may act through inhibition of TCF-dependent, canonical Wntmediated transcription.
SERPINA3K
SERPINA3K was first identified as a specific inhibitor of tissue kallikrein and thus named kallikrein binding protein (Chao et al., 1986 . Amino acid sequence analysis classified SERPINA3K into the serine proteinase inhibitor (serpin) family (Gettins, 2002) . Tissue kallikrein is a serine proteinase and releases bioactive kinins from kininogens (Clements, 1989; Murray et al., 1990) . SERPINA3K specifically binds to tissue kallikrein, forming a covalent complex and inhibits proteolytic activities of tissue kallikrein Ma et al., 1995) . Later studies suggest that SERPINA3K has functions in addition to the inhibition of tissue kallikrein. SERPINA3K has been found to inhibit angiogenesis and to reduce vascular permeability (Miao et al., 2002; Gao et al., 2003) . These anti-angiogenic effects of SERPINA3K have been shown to be independent of its interactions with the kallikrein-kinin system (Gao et al., 2003; Zhang et al., 2008) .
As an angiogenic inhibitor, SERPINA3K was found to downregulate several pro-angiogenic cytokines such as CTGF and VEGF, which are also target genes of the Wnt pathway (Zhang et al., 2009 (Zhang et al., , 2010a . In experimental diabetic models, SERPINA3K blocked Wnt signaling activation in the retinas with microvascular complications and in cells treated with high glucose, suggesting that SERPINA3K may regulate angiogenesis through interacting with the Wnt pathway (Zhang et al., 2010a, b) . Further, SERPINA3K was identified as a Wnt antagonist since it blocked the Wnt ligandinduced Wnt pathway activation, blocking phosphorylation of LRP6, cytosolic β-catenin stabilization, TCF/LEF-mediated transcription activity and Xenopus axis duplication. Coprecipitation and ligand binding assay showed that SERPINA3K binds to LRP6 with a Kd of 10 nM. Under the same conditions, SERPINA3K did not bind to the Fz receptor or low-density lipoprotein receptor. The interaction between SERPINA3K and the extracellular domain of LRP6 blocked Fz/LRP6 (receptor/co-receptor) dimerization induced by a Wnt ligand. Together with the pro-angiogenic role of Wnt signaling, this study suggests that the antagonizing activity of SERPINA3K to LRP6 is responsible, at least in part, for its anti-angiogenic activities.
THE WNT PATHWAY OFFERS MULTIPLE TARGETS FOR THERAPEUTIC COMPOUNDS
Since Wnt signaling displays potent angiogenic activities, components of the Wnt pathway have been considered promising drug targets for the treatment of neovascular disorders. In addition to the natural Wnt antagonist proteins, more and more small compounds have been developed to inhibit the Wnt pathway through various pathway targets (Rey and Ellies) . One of the advantages of the drugs blocking the Wnt/β-catenin pathway is their potential to target multiple potential factors. The agonists and antagonists of the Wnt receptor/co-receptor can be used to regulate Wnt signaling from the extracellular side. Small molecular compounds can be designed to target the intracellular components of the Wnt pathway, such as β-catenin, some proteases and axin1. The phosphorylation sites on LRP6, DVL, GSK3 and the relative kinase activities all represent potential drug targets. Drugs can also be designed to regulate nuclear translocation and nuclear protein binding activity of β-catenin. Recently, JNK and AKT were found to phosphorylate β-catenin and enhance β-catenin nuclear translocation (Wu et al., 2008) . Therefore, the inhibitors targeting JNK and AKT can potentially inhibit the canonical Wnt pathway.
Curcumin
Curcumin is a small compound isolated from the spice turmeric, and it is a member in the ginger family. Curcumin was shown to inhibit cancer (Conney et al., 1991; Huang et al., 1994) , and was later reported to function as an angiogenic inhibitor (Arbiser et al., 1998) . Since this report, the antiangiogenic effect of curcumin and its potential mechanism of action have been studied extensively in different models and organs (Adams et al., 2004; Furness et al., 2005; Bhandarkar and Arbiser, 2007; Kunnumakkara et al., 2008; Varinska et al., 2010) . Several signaling transduction pathways have been found to be regulated by curcumin, including protein kinase C, NF-kappaB and AP-1 (Bhandarkar and Arbiser, 2007) . Recently, curcumin has been identified to be an inhibitor of the Wnt/β-catenin pathway. It can induce β-catenin degradation via increasing caspase activity, and further plays antiangiogenic roles (Park et al., 2005; Leow et al., 2009) . Another group reported that the natural derivatives of curcumin also inhibited the Wnt/β-catenin pathway, but it is through downregulation of p300, one of the transcriptional coactivators (Ryu et al., 2008) . These studies suggest that the Wnt-antagonizing activity of curcumin can contribute to its anti-cancer and anti-angiogenesis effects.
SUMMARY
Most of the classical Wnt antagonists were first identified from Xenopus embryo, and their functions were only known in development. Recently, more and more Wnt antagonists have been reported from other protein families, such as the antiangiogenic factor family, directly implying the Wnt pathway in pathogenesis of angiogenic disorders. At the same time, classical Wnt antagonists have also been found to inhibit angiogenesis, suggesting the potential application of the Wnt antagonists in anti-angiogenic therapies. Small molecule compounds have the advantages in the high-throughput screening and drug delivery. There are multiple drug targets in the Wnt pathway for compound design, which may represent a major effort in the future drug development to treat angiogenic disorders.
